EQUIPMENT AND METHOD FOR ACTIVATING AND 
CONTROLLING SORTING UNITS IN A SORTING MACHINE 



0001] This application claims priority under 35 U.S.C. §§119 and/or 365 
to Patent Application Serial No. Ml 2000 A 002760 filed in Italy on 
December 20, 2000. The entire content of which is hereby incorporated by 
reference. 

Background of the Invention 

0002] This invention relates to methods and apparatus for activating and 
controlling sorting units in a sorting machine in which items are loaded onto, 
and unloaded from, movable sorting units in a direction transversely of a 
direction of travel of the units. Preferably the sorting units are of the "Cross 
Belt" type, wherein the sorting units consist of conveying belts mounted on 
supports moving along a fixed path and capable of being activated to 
receive and unload the carried objects in a direction perpendicular to the 
direction of motion of the sorting machine. 

0003] Each trolley is provided with an on-board electronic unit, capable of 
controlling the electric motor activating the trolley's conveying belt. 
0004] According to the invention, this electronic unit consists of a printed 
circuit comprising a few loops of a length nearly matching the pitch of the 
trolley, which generate a control signal to activate the unloading motor, 
whenever a ground-level induction set opposite each outlet is energized. 
0005] The branch dealing with sorting machines has in recent years 
witnessed a considerable diffusion of sorting machines known as a "Cross 
Belt" type. 

0006] These are installations in which a series of trolleys moves along a 
fixed linear path, a circle etc., while receiving the objects to be sorted 



whenever it passes some loading stations, so as to unload them in the 
planned collecting stations. 

0007] The trolley is usually equipped with a conveying belt capable of 
rotating independently in the two directions orthogonal to the direction of 
motion of the sorting machine. 

0008] The electric motors actuating the belts are activated during the 
loading phase of the objects, to ensure their precise positioning both at the 
moment of their unloading as well as for the precise routing of the objects to 
their appropriate destination, and the controlling of these sorting units is 
entrusted to a programmable controller (OLC, PC etc.), based on known 
technologies. 

0009] The purpose of this invention is to provide a simple and economical 
solution capable of using a sorting machine for orthogonal belts, with the 
resulting advantages, even in plants with a long path and a low number of 
outlets. 

0010] For these applications, the technologies already available for 

controlling the orthogonal sorting machines are not economically justified, as 

they involve complications without a commensurate value. 

0011] This invention refers to an equipment and a method capable of 

receiving the signals from said controlling devices, and of consequently 

activating the sorting unit needed for unloading the objects. 

0012] Various systems for controlling unloading belts are known at the 

present state of the art. 

0013] British Patent 2,219,957, for example, describes a sorting machine in 
which each trolley is equipped with a motor actuator, as well with gliding 
contacts which collect the activating controls originating from the control 
system from appropriately selected busways set opposite every sorting 



machine area where an activation is expected, for instance next to the 
collecting devices. 

0014] When the sorting unit passes the area in which it must be activated, 
the control system sends a signal to the actuating unit, which transfers the 
motor's power to the unit, so as to start the rotation of the small belt and 
unload the transported object. 

0015] The electrical power is brought on-board the trolley by a system of 
busways running along the sorting path together with the busway sections. 
0016] This type of activating mode is valid but demands a high number of 
sectioned busways, gliding contacts and their relative wirings, in order to 
enable the control system to send out its signals to each trolley. 
0017] If one considers that a sorting system generally comprises hundreds 
of separate collecting devices which involve the need for as many sections 
and wirings, and that the trolleys in such systems often also run into the 
hundreds, it can easily be grasped that a control system as described above 
can be complex and costly. 

0018] European Patents No. 0 556 866 and No. 0 481 341 describe a 
sorting system where the trolleys are equipped with on-board intelligent units 
which allow them to eliminate the sectioned busways along with their relative 
sliding contacts and electrical wirings. 

0019] This system provides for sending out some control signals through 
the continuous busways, which are decoded and interpreted by the 
processing units on-board the trolleys and forwarded to the motor activating 
units. The entire train of trolleys is normally subdivided in groups, each 
comprising only a few trolleys, where only one "master" trolley is equipped 
with sliding contacts, thus greatly reducing the overall number of contacts 
installed. The electrical power is on the contrary picked up from continuous 
busways running along the path. 



0020] This system is particularly effective in applications requiring a very 
high number of destinations, but is less so, for solely cost-related reasons, in 
applications with a limited number of destinations. 

0021] In applications involving sorting machines of great length or having a 
low number of outlets along their path, the great sophistication of having on- 
board controls is in fact not economically justified. 
0022] A further system for simplifying these installations provides for 
generating the electrical power for the belt activating motor by using 
batteries installed on-board and kept charged by alternators, which 
mechanically derive their motion from the very motion of the sorting 
machine. 

0023] The activation is controlled by infrared ray signals, generated by an 
emitter set opposite each collecting device. 

0024] On-board the trolley, a receiver decodes and interprets the infrared 
signal and actuates the belt through an activating unit. 
0025] However, even this system exhibits a number of problems, because it 
is sensitive to external influences such as intense and direct light, dirt or the 
like, moreover, every trolley or at any rate a considerable number of trolleys 
must be equipped with various expensive equipment items such as 
batteries, alternators and the like. 

0026] This also means a high complexity of the controlling system on-board. 
0027] At the state of the art, there are finally some sorting machines of the 
"Cross Belt" type, which provide for certain ground-level mechanical devices 
engaging with other devices on the trolleys, designed to rotate the belt. 
0028] This latter system is rather cumbersome, considerably expensive, 
noisy and troublesome, especially from the mechanical maintenance 
viewpoint. 



0029] This invention intends eliminating the mentioned drawbacks in the 
applications having a low number of outlets, with a minimum number of on- 
board controls which must in any event allow operating at the values 
actually perceived in these applications. 

0030] Reliability: the trolley motor must be controlled by an on-board 
actuating system capable of ensuring its use within its operating limits. 
0031] Accuracy: the conveying belt must be activated at a controlled 
accelerating and speeding rate, so that the speed profile during the sorting 
process can be repetitive and largely independent of the weight of the sorted 
object. 

0032] Flexibility: the activating point pertaining to each outlet must be 
variable, based on an sw-signal, to allow a number of trajectories for the 
sorting of objects. The various trajectories are chosen based on the 
characteristics of the objects, the speed of the sorting machine, or the best 
distribution of the objects sorted inside the outlet. The duration of activating 
the belt must be variable in order to allow for correcting the position of the 
transported object. 

Summary of the Invention 

0033] In order to satisfy the mentioned requirements, while using the 
simplifications made possible by the type of dedicated applications (low 
number of outlets, possibility for a single type of speed ramp (accelerating 
the final speed, thanks to larger outlets), a solution was developed which 
envisions a simple actuating system, associated with the motor whose only 
control parameters (actuating point, activating direction, etc.) are easily 
controlled from the ground, while exploiting the laws of electromagnetic 
induction in a simple manner. A magnetic induction field is generated at a 



station and transmitted to an electronic unit on the trolley, which activates a 
device for unloading items in response to detecting the induction field. 

Brief Description of the Drawings 

0034] This invention will now be described in detail, for exemplifying but not 
limiting purposes, with reference to the enclosed figures depicting a 
preferred embodiment in which: 

0035] FIG. 1 offers a simplified drawing of a trolley of a sorting machine 
according to the invention, using the respective devices for activating the 
conveying belt for an unloading operation, 

0036] FIG. 1 A offers a simplified view of a train of trolleys during an 
unloading phase, 

0037] FIG. 2 offers the on-board electronic unit coupling with the variable 
magnetic field generated by the ground-level inductor, 
0038] FIG. 3 offers examples of digital signals produced by the control 
system, and the resulting effects on the motion of the conveying belt for the 
unloading operation, 

0039] FIG. 4 offers a block diagram of the inductor fitted on the outlets, and 
of the controlling device from the same, 

0040] FIG. 5 offers a block diagram of the electronic unit on-board of the 
trolleys. 

Detailed Description of a Preferred Embodiment of the Invention 
0041] With reference to FIG. 1, the number 1 indicates the overall form of a 
trolley as part of a sorting machine according to the invention, while moving 
along a fixed path 2 under the pull of a chain 3 or of another similar device. 
Each trolley comprises a frame 4 equipped with wheels 5 and connected in 
a swivelling manner with adjacent trolleys (not shown), so as to constitute an 



uninterrupted train along the path 2, that is, a circuit faced by all the outlets, 
sorting points, and collecting devices located thereat. 
0042] Each trolley is equipped with a conveying belt 6 set stretched 
between the rollers 7 and 8 and activated by a continuous current motor 9. 
0043] Opposite each collecting device, such as a container, unloading 
hopper, chute or the like, the system provides a controlling unit comprising 
an inductor 15 connected to an oscillator 17, which is in turn connected to a 
controlling and handling system 16 for the machine. 

0044] Whenever the sorting unit 1 arrives near the destination for the object 
it carries on-board and must be activated for an unloading operation, the 
control system 16 sends out a digital signal to the inductor 15 (for example 
24 V, 0.5 A). 

0045] This periodic signal is appropriately amplified in the inductor 15, so as 
to create a variable magnetic field depending on the loops of the antenna 1 8 
of an electronic unit 1 1 disposed on-board the trolley 1 (see Fig. 2). 
0046] FIG. 2 shows said electronic unit 1 1 in detail, and evidences the 
antenna 18 which consists of a number of loops derived from the same 
printed circuit, of a length slightly inferior to the size of the trolley in the 
sense of its forward motion. 

0047] Said loops constitute the antenna 18 of the electronic unit 11 crossed 

by the variable magnetic field produced by the inductor 15. 

0048] This generates a variable magnetic field across the surface enclosed 

between the loops of the antenna 1 8 of the electronic unit 1 1 . 

0049] Based on the known laws of electromagnetic induction, the flow of 

energy, which varies based on the frequency set up by the inductor 15, 

generates an electric signal in the loops of the electronic unit 1 1 , which 

varies with the same frequency. Said variable tension is utilized to control 

the electronic unit 1 1 . 



0050] The presence of the signal determines the type and duration of the 
control. The value of the frequency is determined by an appropriate filter 
selecting the band between two chosen frequencies, and can, if necessary, 
determine the sense of activating the conveying belt 6 for the unloading 
operation. 

0051] It should be noted that thanks to the mentioned laws, the information 
transmitted by using the inductive coupling device is independent of the 
relative position between the inductor 15 and the antenna 18 of the 
electronic unit providing they are facing each other, and is also independent 
of the relative velocity between them. 

0052] The electronic unit 1 1 also comprises a function of "extending" the 
signal, by holding it for a pre-established length of time, so as to allow a free 
choice in choosing the point of activation, without excessive limitations due 
to the limited length of the loops. 

0053] FIG. 3 shows the typical reactions to the various signals. 
0054] The control system 16 sends the oscillator 17 one of two unloading 
signals 20, 21, depending on the side of the trolley on which the unloading 
must occur, whenever the trolley happens to face the outlet. 
0055] Said signals are waves of a preestablished duration and cause, 
depending on the unloading mode and whether they control the unloading 
from one or the other side of the trolley, the emission of a periodic signal 22 
of a frequency f1 or f2 from the oscillator 17. As a result, the inductor 15 
generates a magnetic induction field which varies at the same frequency. 
0056] The controller of the motor 9 integrated in the on-board electronic 
circuit 1 1 will, after discriminating between the frequencies f1 and f2 while 
using an appropriate band selecting filter, emit a signal 23 consisting of 
square positioning waves on the axis corresponding to the signals 22, with 
an appropriate extension and signal depending on the frequencies f1 and f2, 



so as to perform the unloading operation on one or the other side of the 
trolley. As a result of the above, the conveying belt moves forward in the 
sense determined by the signal emitted, and the velocity profile is 
represented by the diagram 24. 

0057] The antenna 1 8 of the on-board electronic unit 1 1 consists of a few 
loops, where said loops may be of any needed size, while said sizes are 
preferably of the order of the size of the trolley, measured in the sense of the 
forward motion of the sorting unit. 

0058] This will allow an easy modulation of the signals, so as to achieve 
small corrections in the position of the object carried, or various activating 
programs so as to make available a number of loading operations. 
0059] More generally, the fact of providing an antenna 18 having a size 
similar to that of the trolley allows to determine various unloading trajectories 
for the objects, simply by acting on the instant in which the controlling 
system 16 sends out the signal signals to the oscillator 17. 
0060] FIG. 4 shows the block diagram 15 set on the outlets and the 
controlling device of the same, which corresponds to the lower part of FIG. 
2. 

0061] With reference to FIG. 4: 

0062] - PLC1 and PLC2 are signals originating from the control system 16 
of the sorting machine, 

0063] - OSC F1, F2 are from the oscillator 17, which generates periodical 
signals at the frequency F1 and F2, depending on whether it receives the 
signals PLC1 or PLC2, as well as depending on the side of the trolley on 
whose side the unloading operation is to be performed. 
0064] - L1 are the loop's of the inductor 15. 
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0065] FIG. 5 shows the block diagram of the electronic unit on-board of the 
trolleys, which corresponds to the upper parts for figures. With reference to 
said FIG. 5: 

0066] - L are the loops of the antenna 18, designed to couple with the 
ground-level inductor 15. 

0067] - BPF F1 (F2) is the band range selecting unit agreed on the 
frequency F1. 

0068] - TR, DT is the threshold circuit to generate the signal and to extend it 
for a pre-established interval of time. 

0069] - R is the ramp generator to generate accelerating and decelerating 
ramps at pre-established values (for instance, 4 m/sec2), and a velocity 
stabilized at the pre-established value. 

0070] - F is the servo-amplifier fitted with a retroacting device and a 
limitation in the curve, 

0071] - M is the motor 9 for activating the conveying belt 6 on the trolley 1 . 
0072] This application to the fields of the sorting machines of the signaling 
technologies based on the use of magnetic induction offers considerable 
advantages, such as: 

0073] • In contrast to the signals based on using infrared rays as in the 
prior art, the control according to this invention is insensitive to dust and 
light. Moreover, it is particularly resistant with respect to electromagnetic 
disturbances, due to the low impedance of the circuit and the presence of 
filters. The emission of electromagnetic disturbances is of negligible effect 
due to the extremely low power level employed. Even the critical 
phenomenon of inductive coupling depending on the distance between the 
inductor and the on-board electronic unit does not constitute a problem in 
the case of the sorting machine, because said inductors based on electronic 
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units are easily inserted in a protected position, and the changes in their 
respective distance during the lifetime of the machine are negligible. 
0074] • The sensitive area of the on-board electronic unit 1 1 is the same 
printed circuit in which the loops constituting the antenna 18 are easily 
obtained, and where electronic circuits controlling the motor have been 
arranged. The integration is particularly simple and economically valid. 
0075] • The length of the loops and the favorable characteristics of the 
inductive coupling allow the necessary flexibility, while the intrinsic 
integration with the motor control circuits allows securing the needed 
features of reliability and accuracy at minimum cost. 
0076] The application to sorting machines of the controlling technology 
based on the electromagnetic induction system heretofore used only in other 
branches affords advantages of undoubted value, such as in particular: 
0077] • A system based on the induction and reception of electromagnetic 
signals of a given sequence, insensitive to light and dust: this aspect is 
fundamental in order to guarantee performances which remain unchanged 
in the course of time; 

0078] • An answer to the ever growing sorting demands, requiring some 
quality equipment independently of the transporting speed of the sorting 
machine: electromagnetic induction and reception are properly meeting this 
requirement; 

0079] • There's a considerable simplification of the installation, with 
substantial advantages in terms of production costs and above all of 
maintenance and reliability. 

0080] • The fact of being able to produce a receiving antenna 18 of a size 
comparable to the pitch of the trolleys allows extending the time period 
during which the antenna 18 is near the inductor 15, with the resulting 
advantage of making it possible to control the operation of the sorting unit 1 
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depending on the object to be sorted at any given instant. Because of the 
availability of ground-level inductors spaced out between them like the pitch 
of the trolley, the controlling system would make it possible, if necessary, to 
extend the selective control of each single trolley, thus easily controlling the 
individual inductors. 

0081] • If a two-way functioning induction and reception system were to be 
employed, the intrinsic bi-directionality of the laws of electromagnetic 
induction between windings and an appropriate disposition of the circuit 1 1 
would easily make it possible to actuate a bidirectional transmission of 
information in order to secure a confirmation about the unloading operation, 
diagnostic information, or a confirmation of the proper reception of 
configurating information, 

0082] This would occur by operating the antenna 18 as a transmitter and 
the inductor 15 as a receiver, and by connecting said inductor 15 with the 
controlling and handling system of the machine. 

0083] Some technologies for exchanging information between by inductive 
magnetic couplings between circuits are known for this purpose: the 
information, coded in a serial binary code, may be transferred by modulating 
the intensity of the variable magnetic field, or by varying the frequency of the 
field itself. 

0084] The text specifically quotes the example of machine of a "Cross-Belt" 
type, but the same invention may be applied to sorting machines other than 
those of a "Cross Belt" type. For instance, some sorting machines are 
known to be of the tiltable plate type, where the tilting of the plate is 
entrusted to an electric device (motor, electromagnet, etc.); even in this 
case, an electric power supply on-board of the trolley is required, and the 
invention may be applied in the same manner as applying it to a "Cross Belt" 
type sorting machine. 
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0085] Any expert in the branch may further envision various modifications 
and variants, all of which are however to be considered as failing within the 
scope of this invention. 



